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We aamine. range of ksur p+rtainiiS to hwy Savors 
at the WC. LDcludiiS heavy flavor production hy Sluobgltlon 
fusion and by &wcr evolution of Sluon jets, 9wor t&n& 
ru.cmtmction of HiUs and W baas. snd the study d M 
decays and CP violation in the B maon system. A npai%c 
detector for doing heavy flavor physics md tuned to thii ktter 
study at the SSC. the TASTER, k da&bed. 

1.. Intmductlon 

The topic of heavy Sworn k central to doing much of tbc 
physica that k potentially capable of being aplored at the 
SSC. Not only do long-sou;ht puticla like the Ii&s baon 
decay preferentially into heavy quuh if M,/ < 2 Mw, but the 
weak decays of h&draw containinK heavy quuh. and spairlly 
their CP riolatin~ decay@. UC inkresting in and of thcmvlva 
baaur of the probe they provide of physics of the ntandud 
model and beyond. Momovn, the production mahaakrm of 
heavy quub we worthy of study in their own right, Y they 
provide innisht into &wture functiolu, fragmenthon. rtc., 
and allow ua to teat QCD in both ita perturbative and non- 
pertwbativs upecb.’ 

We begii our detailed report ln Sation 2 with the dk- 
cusion of thk id topic, heavy Savor production mechankrm 
and the corrrpcadin~ r.ta. rpaially for the cue of b quarks. 
The dominant production mchrnkm at low p, b from Sluon 
fusion, hut for trwcna momenta +nificlntly luSer than 
the quark - of rekvance, %vor acitation from the bum 
protoru and QCD ahover evolution from 6luon jeb hecome 
dominant. 

We then turn to the key quation of detectin; tbe huvy 
quarka that am produced, i.e. Owor ta66in6. There k more 
optimim #bed in the pment report than vu found at 
the Smwxnw Workshop of two yun ~0. A good put of it 
b bad on ncmt wultr from usinS microvertex detectors In 
fted ryct experImenta to UJrt O”t luccavfully clan chum 
ai#nak In the p-cc of very large background& V&anti of 
thb technique, as well Y other b&q achemm. YI diicnssed 
in Section S. 

&ctlm 4 goa w to the mat etep, that of tuing heavy 
quark Savora to look for 18~1 phyaiu. The topica spaiScally 
addrsud include detecting a Eiggn beeon decayin; to b&km 
quarks. meuuring contiiuum W-p& production with one W 
decay- kptonically and the other daaying to t and b quuk, 
and wucbiig for. fourth generation heavy quark deuying to 
. W plan. t quark. 

A diKerat kind of huq lIaror physics iuvolvr bokiic 
.t their weak decays. The production of heavy #won at the 
SSC ace&da by many orders of magnitude the data sample 
walkbk at my other ucrler~tor rnvkioned until now. Thii 
could pmnlt the ntudy, for crampIt. of rare decays of hadrona 
containing b quuh md the study of mixiig and CP violation 
in the B maon system. Section 6 mmur&aa recent theoreti- 
al work on the wbjat of such rue decays, with emphasis on 
rtimating branchiS ratio and CP vblatin~ uymmetria for 
apvimentally accuihlc in&rating moda. Thii k used u in- 
put, together with ideas of ain6 usin J, - w, to Section 6. 
Tbur. l pnliiuy d&n and aamc phyaio pcuibilitia are 
p-tad for . detector, tbt TASTER. It k . rmi-forvud 
npctmmctu for me at the SSC in cmyin~ out rue dasy and 
CP vioktion dudii in the E mron -(cm. The tentative 
outcome d the analylk of the upabilitia of the TASTER, 
and in particular, the dnclopmmt of a trkr strstew for 
B m(lons, mcouraaee further aplor@tion of the pmpccLl for 
doing tbk Lid of phyaiu .t the SSC. 

2. Huvy PLvor Pmductlon Eat- 

Fm au6ciently heavy quarks, the dominant Savor pmduc- 
tion mechanism in QCD k Slnon-&m fwion: 

o+o+Q+O. (1) 

with total cmr ealion 

sm(QQ) - /Ir,drtc(r*.o’)G(.;.u’)d.Io +e - 0 + a 
(2) 

. w~,~~~by(h.~.~tor~-,r~~.rlDE-ACOS-l6SFO0SlS. 
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b applying Eq. (2) . nnrober of obviotv qoatioru came to 
mind: 

1. What are the bigha order correctio~u to Bq. (2) and are 
thy noroaic~ly important? 

2. How acct~rately i the gluoa distribution function G(r, 4’) 
in Eq. (2) known for the SSC kioezoatic region? 

S. k Rq. (1) the dominant pmdoctioo maclmokm lo oII 
kiblcnutic regima? 

4. How heavy k %ut?lcimtly heavy*? 
The validity of Eq. (2) hu bem aunined in &toil by 

Cdii, Soper sod Swrmm.’ They conclude that gkon f&on 
k indeed the dominant mechankm for the total flavor produc- 
tion crma sections, and that other mechmkrm, web u '9ovor 

ucitation”, 

q+44q+4 *r 9+4-0+4> (3) 

UC rektivcly auppresaed. Fkvor production atimates w 
presently done using the lowat order 2 4 2 QCD crcu wctiona 
for Eq. (1). While full calcuktions of higher order perturb* 
tive QCD corrections have not yet been completed, the partkl 
results in Ref. 4 suggest that these correction should not be 
large. The largest lourcc of uncertainty in Eq. (2) thus iovolva 
the puuneterizationa of the gluon diitributioo fonctiolu. 

The reliability of heavy Savor production rata warding 
to Eq. (2) baa been iovatigatod by McKay and R&too.’ For 
bottom production at SSC mergia, Eq. (2) umpka the gkon 
distribution function at extremely small z (e.g., z < 10-O). For 
modest Q’ D (21%)‘. l vaikble data provide few (if any) con- 
straintr on G(r.4’), and coca action atimata are accord- 
ingly rather oacertain. This b illustrated in Ref. 6 by corn- 
puing rate prediction for two different choice of the gluon 
distribution at wnall 40: 

rG(+,43 c; COnd.. ror I < lo-’ , (4) 

and 

+C(+. 43 e l/\/r , for c < 10-a ($1 

for Q. E 6 CeV. Eqs. (4) and (5) are each cormltent with 
coostrtinta from deep inelastic muttering data. For ~uffickntly 
large 4 at any &ted z, QCD evolution ultimately washes out 
the effects of thae diflcreot ioitkl conditions. However, for 
bottom production with 4 - 2Mb. the differeocea for evolution 
from Bqs. (4) and (5) are &Aaotial, with Eq. (5) giving a total 
won vction through Eq. (2) which k more than thm tima 
u large u that ukiig horn Eq. (4). 

Heavy quarka produced by the fiuion procw in Es. (1) 
bwc 

F+(4) * Mu . PI 
For transverse momenta Ggnibcantly luger than thii value, 
the fusion mechankm k no longer (he primary eoorce of huvy 
hadronr. b&end the flavor excitation ptocar io Bq. (3) and 
the production of heavy Eavors in rhower evolution of &too 
je% 

P~Q+Q* VI 
begin to dominate for p, > hf~. The UAl group haa almined 
aingkmoon and dimuon production at the Sp$S and infer from 

a 

u&r nxlmMma(I ‘ (pldMwy) QOI rctim' 

u~=1.3*0.1*0.2udcrobvn (61 

for 

1~15 2 md p- 2 6 &V/r . (91 

The &m-&mn fusion apatatim k about 0.8 microbun. 
with a pouibk factor of ho onc&ty. The l vrikbk data k 
thtu cowltent with mbtatial bottom pmduction’ occurring 
vk the anchmkm 04 Eq. (7). 

The relative lmportaoeaof~bottom production mah- 
mti at 5SC k examined in Ref. 0. Figure 1 ahow the total 
bothn production rata for pr 2 $NN for the fusion, fl* 
vor acitation and &wcr evolution proca~a. The raultl in 
Fig. 1 rm ulcokted wing lSAJET.‘o Fosioa k oeen to be the 
lugat ningla contribution to 06 for p:” = 2 CeV/e. For hiih 
pr jeta. the ftuion mechu~km k aumtiolly negliiibk compued 
to bottom production in the shower evolution of gluon jets. It 
should be noted that the rektive biicmatic configurations of 
the 4 and 4 ore r&her different for the fiuion. fkvor excitation 
and shower evoltrtioo wchmkms. Very crudely, fusion yields 
back-to-bsck 4 ad 4 jeti; shower evolution gives 4 and 4 
rather close together io a riogk jet, and Savor excitation hu a 
high-p, Q-jet and a 4 %urkd* in the beam mnnanL% Some 
initial invetigatioru of the implkatiom of these different kiic 
matic configurrtionr ue contained in Ref. 9. 

Bottom Production 

p,= CceGc, -,w 

Fire 1 - The cmm action for bottom production for pv > 
py for the f&on, shower evolution, and 9wor acitation 

P- Y a function of py. 

The production of heavy ilwora dnr*kg QCD nhower eve 
lution of gluon jets b in fact quite common. Fiiw 2 Ihow 
heavy flavor multiplicitia in the Aowawolution of gg syatcms 
of invariant mus 4. These rsult~ ue ul~ukted using a coher- 
ent parton *howa model” and anaming A& = 45 CeV. The 
heavy fiavor multiplicitia per jet UI l@f the valua lowo in 
thii figure, md are colukteot with the raulta giveo by Mueller 
sod Nuon.” Siice 

‘I#9 - ool > IJoo 
@“I#9 - 441 ’ 

001 

it k cku from Fii. 2 that meet heavy flavor production at 
hiih p, hu nothing to do with heavy Uwor production io 



‘O’ r-+=+-T 

Figure 2 - Heavy Eavor multiplicities” in the whower evolution 
of. gluon-gluoa ryrtem of ma5s 4. Aft = 45 G*V k ummed. 

bud Kattering subproccua. Note that wntially all TeV 
gluon jeta ue -pee&d to contain &arm. 

a. Flavor Tagging 

The observation of displaced daay vuticm b on efiective 
technique for the tagging of chum &nd bottom which haa been 
ued successfully, puticululy in chum studies at FNAL.’ For 
the SSC, K&US queationr uiae in regarda to the rurvival of 
microverkx detection dectmniu in a high lominority environ- 
ment. This problem received coosidn~hle ottcation at Snow- 
rn~) two yern ago”.“ urd abo during this meeting;” it will 
be taken up again io the lut Section of thin awnmary. The ten- 
tative conclusion of thee ltudia h that lome ‘ba&ing-ofI’ io 
luminosity msy be requ’bed to inure the rurvinhility of the 
microvertu detestor, typically from loss down to l@‘/cm’ 
mc. For now we net aside thii ‘technical dilfxulty’and consider 
the subsequent problema of uing microvutu information for 
tagging bottom production. 

At iti daign spa&atioru, the SSC will produce 58 pain 
at a rate which in -veraI orden of magnitude greater than 
the rate at which eventa can be udully rocordcd if they all 
were to be fully analyzed ofl-line. Tht fact ia not necessarily 
l tragedy. In that it potentially allow the w of clever triier 
and tagging atrakgia, using relatively rue B-decoys. without 
the loss of ‘useful’ events for the physio imoa in which one in 
interrated. One such decay mode which vu examined during 
the meeting in the decay chain 

B-+$+X, J,+r+r- or #+lr- WI 

Thii decay wquencc is relatively usy to trigger on, u is dii 
cuucd in more detail by Cox md Wagoner.” The presence of 
the jl t puticululy helpful in njcrting dray vertices arising 
from chum; only hodrona containing 6 quarks can have a (I 
coming from l recondary vertex. The ti decay b muon pain 
lo urd of itself haa the odvantyc of having l background pri- 
marily from diitly produced +‘I and L also wfficlently ~implc 
and bolatoblc to be useful in hntlevel triggwing. With the 
TASTER detector described in the 1-t Section (including a 12 
GeV muon absorber) sod a luminaity of ld’/cm’ KC, a net 
1.5 x 10’ 56 pair-contaioing-ewnt uu tagged by thf method 
in. 10’ wc experimental NII occordmg to the detailed Monte 
Culo calcul*tiora in Rd. 16. 

A dillera: B-tagging rkaw bud oo 

B-nfw+X (121 

hu bean luvatipkd by Poovinl aad Rmos.‘e Thii acheme ,b 
puba the joint Mmti6c~tbrl d the chuged kpton in Eq. (12) 
ood the daoghta pioo bum tha mbaqoent LP+ - oOr+ do. 
uysucomiagfromaaomoduyvwtex. ThebwQvolurin 
D’-fidupUWUU#tlUt 

PD. -h (*P/f4 (13) 

providea. -abk rtimote of the mommtnm of the D’ in 
Eq. (12). and base l (putid) mcolutruction c&the parent B. 
The iocluriva branching ratlo fox the procua In Eq. (12) k d 
the mdu d 6%. Allowing ~me reduction lo tagging cfficim- 
cia due to vuiou cuk made to clean up wed events, this 
scbewcoold io priocipk paribly tag 1% of all B’I.‘@ The tech- 
nique propwed in Ref. 16 grew out of, and wema particululy 
promkii for. e+e- umihiition. There, track multiplicities 
not usociated with the B or B UC low or even non-existent, 
and event ntm ore low enough that high tagging efficiency h 
very drirobk. Monte Cub rtvdia oo the feuibility of thii 
method for h&on-h&on eollidln have only joat begun. 

At pat, the mont eUa:ire theme for tagging top In 
hiih energy jeta lovolvu deteztioo cd tolabd kpton, from 

i4blu (10 

aemikptook decays. Thii technique xv- lnvatigated in dc 
WI by lane and Rohlp during Snowmaaa ‘64. and efficien- 
cies of order 6 lo 10% for top tagging were found. The iw 
loted kpton onaly~ia hu now been reputed by Glovu and 
Gottach&,” nsiog the improved vemion of ISAJET with ioi- 
tial state rodi&on.‘” Whik the chaoga in event simulation 
Monk Cub mod& do not aigoificantly roduce the effective- 
new of toptagging, the mw rwolution for recolutruction of 

x - ti (15) 

b found” to be -hot - thvl claimsd in Rd. 17. This 
b~lmplyonmltdnmwing due to the iaclrvion of occs- 
rboal ridcaogk bmmuMloog of gloom from the initial 
date. &in, for p, > Mq it k found that diit heavy quark 
prodoabsl in the bud ruttering subproc~ b relatively onim- 
portant compuod with heavy i?wor production in the shower 
ovolutlon d gloon jetn. 

A ~lmple attempt to nepuate direct and shower production 
of bottom in jek b praented lo Rd. 19. The analysis h hued 
oo two rather general kiiatic cooseqoenca of the splitting 
In Eq. (7): 

1. The bottom hadron energy rpectnun from Rq. (7) is 
rather softer than that from hrdm;oication of bottom jets. 

2. The energy flow lo gloom jots b +dficootly more rprud 
out than in quark jet. 

The lht point b Illwtr&d lo &top half of Fig. 3 where 
diitributiona in dN/&, for bottom muons ia bjeta (points) 
and glow jets (hiitogrunr). for jeta with pv w 200 GcV are 
pracnkd. The CYN~ we Individually normalized to the hot- 
tam multiplicity pa jet; the g -, B raulta #hoold accordingly 
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Figure 3 - The distribution dN/dr, for bottom mesons in bjets 
(points) and in gluon jeta (hiitogram) for jet8 with p, = 200 
CeV and without (upper) and with (lower) nhape cuts on the 
energy diitribution in the jet. 

be scaled up by about l factor of m to give a true indication 
of signal:bactgrouad. 

The wand point GUI be utilized b further isolate 6 quark 
jek by m&iig limple cuts on the Shape” of jets. The anal- 
ynis in Ref. 19 6-t defines jets using a UAl-lie jet tiding 
algorithmzo with 

AR = [(A# + (Ad)‘]“’ > 1 . (16) 

Given the jet uit and jet energy from this &at step, tbe frac- 
tion fn of the total & contained in a cone with AR = 0.4 
L calculated, and UI additional cut la > /o k imwd. The 
bottom half of Fig. 3 #bows the effecti of a cut In > 0.8. In 
tbii particular example, (he shape cut and a cut z, > 0.3 can 
reduce the backgroand from Eq. (7) by more than ~1) order of 
magnitude while accepting dmost 70% of the prompt b 4 B 
events. Without much effort at optimization, &nal to noise 
raka of order 1:4 UC easily achieved.‘D 

4. New Phy#ks Inveatigationn Uning Heavy Plavorn 

A central 6xturc of SSC physiu dincvuioru b the Higggs 
boom. For Higgs muna below about 80 GeV, ita diiovcy ia 
likely before the SSC era at the SLC, LEP 1. or LEP II. For 
maesea &cwe tbii but below 2hfw. the walled ‘intermediate 
mad Eiggs, the dominant decay mode b to the molt massive 
quark-antiquark pair allowed by phuc apace. 

At the 1984 Snowmass meting the pcuibility of dctect- 
ing a Higga baon decaying to top quart at the SSC was 
evalu~kd.” The overall prognab for Higga detection vaa 
gloomy, puticululy after cuta were made to reduce very high 
backgmundr, jet recorutruction unbiguitia rm taken Into 
account, ud detector raolution folded in. Semikptonic de- 
caya involving missing neutrinos gave riw to eubtantirl low 

nwkibtothemc~ Eiummu.pul,utddgmlto 
&&ground in the mana band around tkr peak wu &out 0.04. 

At tJtb stwet~nc the mbjat hu km rwpaed in (be form 
du~aadnatbn dtbepariblliti~ddct~tinl;aBigga baon 
&uyw to b0rk.m qt~arkm.~ Thii wu motinkd by mual 
ulittga that Jwe bappewf b tbc put couple of y-. Fiit, 
mm kwl cd certainty about the t quuk man hu decreased; 
at thii time It L dill quik pribk that the t qnuk is huv- 
kr than Mw. Sacand, the Morrte Garb prg- to generate 
b.A dgnd and background eventa have .uy much improved. 
Thiid, additional ide.u and conmpondii algo?ithma to en- 
hance and/or npustc heavy qnuk jets fmm jeta due to light 
quuksorgbolu bavebmaebvebP4 udiidb Section 3. 
Finally, tbc panibility that R + b6 might be the decay mode 
ofchoice for detecting the intamediate man Higgn - likely 
to improve the signal to background ratio. This b 10 because 
a) background pmc- umtaining & combiiationa where the 
c b mLt&n for l b are mppnud by KM angles (unlike the 
l itudoa for If -e ff, where 6t with the 6 mistaken for . f. 
proved a very aeriow backgwtmd”); and b) the long b liietime 
giva the opportunity for idecMc@tion of b quark jets by means 
of aewndy r&km that would not be wailable for t jeta. 

The invrtigation of detect-ml the Eii bcaon decaying to 
b6 vu undertaken with the PVTBIA Monte Carlo progra+ 
to generak both signal and background event& with the signal 
avenk beii ‘kwd’ by aa -pallying w 012: 

pp~JP+(worz)+x (17) 

The signal for b jeta WY mbav~cd, and the bvkgmund from 
gluon jeta decreased by reqnirii that (1) one of the two jets 
contain a kpton with l tnnncnc momentum relative to the 
jet axis of grater than 1 GeV. ud (2) that both jcta satisfy 
l cutlD that 70% of tkcir energy lie in a cone of AR < 0.5. 
Thae cuts bring the #igall to background ratio to 0.8 in the 
rather brad Hiis mua peak region. While not conclusive, 
apeeblly becaue the raang signal of &out 2,000 event8 
for an integrated ludncnity of l~/cm’ b not enormous, this 
b comidurbly more mcowag’~ than the cue when Ho -a If, 
and indiuta that it merits fiutbu study both with a central 
detecker and . lemi-forward one. 

Another subject of great physia interest ir the pasibility 
d tagging continuum W-prir production. 

q+t-bw++w-. (18) 

Thii k bvati&ed thrm& tyc of the decay chain 

w+ ~&+.W-+bI-b6fi-D,, (19) 

md ita chqe conjugak in Ref. 24. ISAJET’cvents for both 
Eq. (19) and the min&W QCD backgmundr. 

q+p’-w+q. etc. (20) 

are anmined for p,(W) w 1QO C&V. Initial event selection cut8 

p,(m) > 10 CM (21) 

P&I) - tvbd > Zo GeV m 

Eco~g(p,. AR = 0.4) < 15 GeV (23) 

provide a rueful trigger for Eq. (19) while eliminating (amen- 
tially) alI QCD backgrounda except for top production in the 

4 



recoil jet in I?.+ (20). In Ref. 24, the muon with the *i 
p, b 8iUlply WUmcd (0 Come from W -0 w decay. With the 
additional vkction cut in Eq. (22), this udgmmnt k found 
b he correct ahout 90% d tht time. 

Tbc cnta In l&s. ()I)-(23) give an acccptutcc of aboat 25% 
for Eq. (19) and bout 0.2% for the b&pound in Eq. (20). 
The signal-twmise kval at thk dye in the malysk b about 
1:70. Several additional cuta vc then impaed to reduce the 
background kvel. A transvvw mau &(,,l, p r-Y,*,,“a lb 
construckd ruti the muon with lugat p, and the total miu- 
in; tranwou momentum in the went. The additional ncu- 
trim from top decay diatorta, but doa not d-troy, the OL- 
peckd peak in the truuvenc mass distribution, u seen in the 
top brll of Fig. 4. Candidate W - #I, events are rckcted by. 
cut, 35 GeV < My < 140 Gel’. Next, jek new the muon (p,) 
with lower pr uv found using a simple jet finding algorithm, 
and. cut, 55 GeV < hf c 60 GeV, k impaed on the hf(ra. jet, 
jet) m-8 distribution shown in tbe bottom ball of Fig. 4. Fi- 
nally. the net trmwene momentum of the reconatnrcted WW 
8yrkm vu required to be less than 20 CcV. 

W’ W- + (pv) (t6+b&) 
60 

“0 60 
: 

t m 40 
2 

Y (W/c’) 
Figure 4 ~‘dRecone.tructed mua distributiona TW pair pr* 
duction where one W decay@ to NY and k reconstructed from 
an ohm-d muon and pI -“,,,,” o (upper hiitogrun) and the 
second W decays to bf, followed by aemikptonic decay of the 
I. and k reconstructed from the wand muon and two (b con- 
tainiig) jets (lower hiitogmm). 

The concluioru of Ref. 24 are encouraging when compared 
to that of the Heavy Higggs group *t the UCLA meeting”, 
which concluded that no cuta could be found to Icparate 
the signal in Eq. (19) from the background in Eq. (20) for 
hadronic W decaya into light flavors. With the additional top 
tagging, the identification of Eq. (19) b nppumtly pouibk 
(abeit hardy). It b still dkcouraging, however. that la one 
SSC year at full luminosity one k kft usin; thii method with 
20 events of the type in Eq. (IQ), together with a residual QCD 
bvkgrouad of about 80 eventi! 

The pcaibility of detecting a fourth generation, charge 
-l/3 heavy quark. v. at the SSC k investigated in Rda. 26 
and 28. In both these worka, the u quark b uaumed to decay 

into top phu l rul W. and the pmdnction/duy rqocnct 

#+#*w+v+(tw-)+(fw+) w 

k invrtii&d. The tatal M vtion for thk pmcua b quite 
krge, typically 3mo-500 pb for A.& I 200 - KJO Gev. 

Rdwence 26 inrmtigata the wmuio in which one of the 
W’I in Eq. (U) decaya kptonkdly, and both 1’8 and the other 
W duy into h&on& jets. The an&k in Ref. 26 k based 
on wry high ntatiitia ISAJET l bnoktiom, with 1OOK eventa 
for Rq. (24) u well Y 1OOK went, for the background prows8 
dcontiinum W-pair production. Given tbt large ‘evcnt’um- 
pk, (be analysk pmcdm ucntillly involva stringent mass 
cuts far pain djeta mcotutrncting (0 !‘I n Wk. Aa *typical 
exunpk. evanta with l -trucked kptonic W decay and ah 
ditinct hadronic jeta are aunined! Nat, p&wire combin& 
tioru of jeta are formed and identified ritb a W or t if 65 GtV 
< M < 105 GcV or 30 GeV < M < SO GeV, respectively. 
Finally, in eventa with two tagged W’s and 2 tagged l’s, the 
1 - W pdriig which gave the more nearly equal awna for the 
mconhuckd v’s wu chcun. The vaulting signal is impra- 
rive and the background from continuum W-pair production k 
Aown ta he negligible.” Thii mxceu nlia an the acverc cotn 
wed b identify b&c&c top and W decays Only 0.4% of 
the tokl went umpk for Eq. (24) wv(vva the cuta imposed. 
The reaknaa of thk analyet b lo the background atim&s 
and the uaockted qudkn d trigging. The initkl event 
s&&ion crikria require only l charged kpton with pr > 25 
Cd and .t kut 25 GeV of mknii transverse momentum. 
For these cuts. l &lcW production u in Eq. (20) will be an 
overwhelming b&ground and caw urioul. problem &t the 
trigger kvel.” 

Some initial attempta to deal with the trigger and back- 
ground problunt amxndiig Eq. (24) UC pruenkd in Ref. 26. 
Aa. specific mbatu?s for the pmeu in Es. (24). event8 are K 
k&d with two bohkd. high-p. charged kptoru on the IML 
Bide, -pondi to kptonic W decay and aemikptonic t 
duy cd the hughtar da l iagk bewy quark. Rcccuutruc- 
ticm d the v-quark auu k then done by auniniig wioun jet 
man combin~tiona on the other lide of the event (the traw 
,eme monlentum d the mat energetic kpkn in the trig@ 
provida an uk for the mikation of he* and ‘oppaite. 
l ida). To avoid contaminatii from obviolv mourcc~ of bw 
l&d, hi-p, kpton pain (e.g.. 2 or ‘I’), the charged leptolu 
in the trigger can be required to have different Swors. In order 
to hara any aasiblc aepuation of -ide and oppmitceide 
jets, the algorithm ia Ref. 2g muat be crtrictsd to c~enta with 
p,(v) > M.. Thii high-p, rlation provida Mhu hack- 
ground ruppnuicm. 

The Monte Cub went umplc wd in the cllcul&ma of 
Ref. 26 wu rather wall (&bout two orden of magnitude fewmu 
eventa than in Ref. Zs), and the reconstructed mnss dktribu- 
tkm shown ‘m Ref. 2S we accordiiiy rawwhat mugind. 
The raulcl in Ref. 25 (and prmumrbly H Ref. 26 as well) 
UC found to be rather wnoitive to detail of the jet finding 
algorithm rued in the an&k. While neithu of the u-quuk 
tiudia b conclwivc. it aeema pkurible that wxne combination 
of the tahniqua wed in tbae wrt can allow detection of 
the procau in Eq. (24) for w-quark - up to. few hundrrd 
CkV. 
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6. Itam DNVYI and CP Vblatknr 
In tbe B-Mclo. System 

.tLp&dlDDdchropprhthwbr~chinln~damklor 
104. Of cnwn, at the moment, nothirq iarm& l deputwc 
&can the standard model where tba praru are forbidden. 

Tbmin; la CP rblatbn in the B - myam, tha ue 
The prombe d inkrating phyaiu ln the B maon -tern 

in wry kmptin;. In particular. there are ~pecl6c decay moda 
of the neutrti B rneaoru xithii which one expecta CP rblatinS 
uymmetrir at the oevard percent kvel in the atladud model. 
Not only doa one have the prospect of obwrvlng CP rblation 
outside the neutral K maon ry#tem, its only obantiond 
place until now. but the magnitude of the asymmetry b ln tome 
cues much luger than lrll, providin; a pattern chuacterbtic 
of the standard model Y dLtin;ubhed from other aplamtionm 
of CP non-invariance. 

rre~a!diRer~~t l entlrfor ita aperiment~Ihvwti@on. The 
mast diit ~W~ion trOm what we are familiar with in the 
nautr~Kr)llcmbtobokforCPrbl~tioni.(heBO-80 
mua tnatrix. The *tandud .wrm. b to k.ok for . charge 
aWmtOr.tIY tn Bo ~ikpknk decayI. in putknlu, a non- 
sero nlue of the quantity 

Haevu, the B -n branching fractioru or mixing n(a 
tima branchiifractiora that go with the -big’ uymrnetria 
are very smsll. typically from lo-’ to lo-‘1 That b where the 
SSC corrm in, for only at the SSC can one ckarly anvtion 
B rnaon production at a kvel so u to make Lyme of these 
experimenta fcuible even in principle. The main experimental 
problem ia of course to Ssh out I large enough sunpk of B 
decaya in the appropriate channels. Tkii is the nnbject d the 
next Section. But first we need to know what lpccillcally are 
the appropriate channels and what arc their brsnchiig ratia? 

when both B’I in l ti - 80 stem decay umileptonicslly. 
This npuirr hotb the pnwncc of B - B mixing and CP vi- 
&ion. IGthka baaed m the atandud model indicak values 
d o,d,w m 1O-a and . few percent mixing for B1. M 
that more than 1O’O B - B paira are needed for a S #tandud 
deviation effehP The B, case b DO better. This ia not the 
optimal place to bok tit, unlcp non-atandud model physics 
I”-~. 

Thii vu rbuunined at thin meeting in the light of the 
current experimental situation for B decay8 and theoretical 
insighta over the put couple of years.“-” There still are con- 
siderable uncertainties in many of the calculated rata. It h 
important to bear thii in mind md to consider both u large a 
apedrum of proc- of intereat a~ possible tq@her with the 
corresponding range of theoretically predicted rates ira order to 
get a rough idea of what the phynio potential of the SSC might 
be. Needless to nay. even 8 few crudely meuured branching ra- 
tioa for rare B decays would wrve (0 tic down the theoretical 
calculatioru md allow much more incisive predictiona of which 
np+cihc processa it it best to concentrate on and what level of 
statktiu b needed to realize a significant measurement. 

Rare B decays like B + Kp+#- and B + K.-I UC Q- 
pected at the 10-O kvel in branching ratiam They are a kind of 
benchmark for thii type of phyeiu. u they are expected in the 
l andud model through one loop (“electromagnetic pewAn*) 
diagrams. The branching ratio for the former L inmuitive to 
the t quark mass; that for the btkr dependa rather l trorqly 
on It. 

A more opttitic situation b encountered by considering 
nonleptonic decays with a Snal state that t common to both B 
and 8. A&n mixing L awntkl to obtainii a non-vanlhing 
diSerencc between the decay rate for a B and a 8, even if CP 
rioktkn k p-t. One ma, also look for . proper time dc 
pendencclntbedeuyof~BmBt.nthe comma flnd Ikk. 
Ind~huc~itbn~auytoLnorKonerturrwith~B 
or. 8. i.e. one neda to kg &her t%n knowkdge of the 
parentage of the decaying partick or knowkd~e of the accom- 
panybq B or B. Typical decay moda are generated at the 
quuk kvel from b + c Ed md show up in exclusive channels 
like B, - *KS. Bd - Dd, and B, - (Id. Their branching 
ratice are probably at tbe lo-’ kvel,“‘-” but could be luger 
in puticulu cues. The projested asymmetr’ka on the other 
hand. could well be fairly large. from . couple percent up to 
20 pacent.~-n 

Relakd, but laa certain, are the rata for pmcavr in- 
volving +nguln* diagrama with gluonr. Exampla w Bd + 
Kg, B, - 60, etc., which likely have branching ratioa in the 
neighborhood” of a few Lima lo-‘. Aa we will d&cum shortly, 
the presence of these diagruru is important in a nlrmba of dc 
cay channel where it i pouiblc Lo look for CP violation. 

There are also rare B decaya that do not depend on +a- 
guiru” like B + VY md B - m. The former procua b 
proportional to the r& for the b - u transition. It &o b 
ape&d” nt the kvel of l few times 10-g or #a 

Much more inter&in; if they are found. beawe they mwt 
originate beyond the gtandud model, w decaya such u B -+ 
pr or B + Kpr which involv+%wor changing neutral currents. 
There L a wide range of possible predicted r&s, depending on 
the model and, more rpeciScally on the couplings and maw of 
the putick whose couplings cbangc flavors. It b pasible to 
envision” branching fractiona aa big an Standard model” rare 
modes. Le. l few times lo-‘; it alao 51 pouible in the sune 

A Snal claw of CP violsting asymrnetria can vise without 
the praence of mixing, but with different 6nll rtete inter-- 
tbru for two (or more) contributhu to the wne final unpli- 
tude. Such uymmetris in decay rata h&rem a particle and 
an antiputkk an ube m trme lntuferenca at the badron 
kv.?l hetwaeu two cucdc chair!4 to the - and state, or at 
the quark kvel Y an interfereace hetwan #pectator and an- 
nihilation or ~patator and +nguin* contributiona to the full 
amplitude. Faunpla are to bc found in neutral B decays such 
u Ed - K*r- and its charge conjugate, but duo for charged 
B deca)r ruch Y B. - K+p” and iti charge Conjugate. Here 
one hu the big advantage that t&ng the nature of the dc 
caying B L not necessary; it signs ib own name (whether a B 
or 8) through ita da&y producta. The dis%culty arises from 
uralI brlncbin; ntim of lo-‘ up to. few tima IO-’ for trp 
kd uws,l”-” and nmall to mcduak vymmetrirr of I ti 10 
percaLsg-” The calcolatiolu are particularly uncertain bc 
canme they involve. for example, the lnkrfermce of wectator 
md penguin diagrama with diGrent Kobayuhi-Maskwrf~- 
ten and matrix elanwtr. 

Even wltb thae uncertalntia, it - better to look at 
procases with very unall branching ratice, but potentirlly 
luger uymmetria. Thvl we concentrate on l few uunples of 

. 



this type in the next Section wbtn we explore the c+bilitkr rbkh containa B’a ritb wp?=kbk memen trtm b (be forward 
of the TASTER to do thii type of phpiu. region cbag either beun dii. Fiidly, tbm b g tig 

6. Tha TASTER: A Detector for Studying B Dcays 

During the course of the diicwknn which took place in 
the Hewy Fbvor Workiig Croup, many of the puticipmtr 
reached the conclusion that the physica of B decay@ (and in 
particular tbe rare and CP viokting decays) ‘IY of ntfficknt 
interest to merit l dedicated, specially darigned detector and 
interaction region at the SSC. Such a detector, with the up* 
bility of detecting and reconstructing hadrwu containiig hot 
km auulu, could &a be used to search for heavier generations 
of qua& which decay into bottom. A detector which wu spc 
cklly designed to muimire the colkction of B dccayl would 
he quite difIcrent in configuration from the generic 4n detector. 

wmlation of the b and the 6 direstbras. Tbq M prdmn- 
tblly produced with both the b and tbc i emItted along the 
beam direction (a Fii. 2b of Ref. 15). The moat fruitful re. 
gion for collcting both tbe 5 and (be I simultaneously k the 
mgulu regbn below 20 degma, rhm tbc angle k meunred 
with rapat to *itbe bum dir&ion. h fact. appmrlmately 
25%of(hcb~d6quvLurcmit(cdintatheIMc20dc 
grae angle along. given bum direction. The uceptancc for bL 
paira can thus be doubkd by cmstmctiiu two detectors, one 
along each harm direction. 

The detector configuration dubbed the “I’ASTER” and 
shown schematically in Figure 5 k a beginning of a design 
which k optimized for the collction of bottom drays. The 
clemcntJ of the detector Y well u ita overall configuration 
are dictated by the dynamiu of the dominant mechlnkm for 
beauty production at fi = 40 TeV, gg - 56, and by the re 
quirement of complete reconstruction of the B mc~on or baryon 
from itr decay products. 

THE “TASTER” 
w e mu* mc- -TIC 

l- %Fm’ “LWG ,“.blN) r cTlEHlDv 

T 
Il.5 

1 
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Figure 5 - Schematic representation of the ‘TASTER” detector 

References 5, 1, and 15 have investigated the featured of 
gluon fusion production of 66 6nal stati at SSC energiw and 
have found neveral striking features. First, the majority of the 
56 production k at low transverse momentum. Any experiment 
that l tkmpta to accumulate large numbera of B decays must 
detect bw truuvlnc momentum B’I. Second, the B’s (and, 
therefore, tbek decay products) have rektively low momen- 
tum, comparable to TEV II tied target experimenk. Thii 
k&da to problm for the detector both in preparing proper 
triggers and in separation of the B decay products from the 
backgrounda due to eventa which make up much of the total 
crow section. Third, the momentum of the B’r are highly car- 
rekted with the production angle of the Bk The only region 

Tbac feattura mabe it polibk to plan for l heavily instnr- 
mented detector which coven only the forward regioru along 
one or the other bum dirrctklu. The coverage of l limited 
mlid angle additionally permita one to consider complete pu- 
tick identification and ra~ction, which k necasuy for 
exploring many faceta of tbr physics of B decaya md which 
would be hard to accompliih ova tbe entire 4r lolid angle. 
The extreme forward region. bekw one degree, k not covered. 
Such coverage would produce a limited increase in ntatiaticn bc 
cansa of the rapidly falling production crow aationa at large 
rapiditia. The additional aperue and the increase in technical 
problm that would be incurred by attempting such coverage 
wsu thought not to be worth tbc rektivcly moderate increase 
in mutbticl that could be gained. - 

A be&miig WY made during tbc Heavy Flavor Working 
Group wssMnr in considering the gerimu problema that l dr 
tector, configured u above, and attempting to go down to 
rektively bw momentum to colbct Y many 58 decays aa pa- 
sibk, will encounkr in trying (0 a& out the desired sign&. 
The large multiplicitiw of SSC nmtr (see Figures 61 and Sb) 
md the high operating luminoritks present particulu prob 
lerm both in lorting out the response of various components 
and in the level of radktion damage that each component must 
withstand. Some of tbae hua are dkcuued and l few con- 
clusiom drawn in what folla below. 

Dkcvlriolu of the maximum rate at which such l for- 
ward dekctor could operate. like pmiorv dkcluionr at ear- 
liu worhhopl, were -mewhat inconclolive. Eovevu, unlike 
wme aperimentr which, for aampk, will much for high pr 
phenomena wlccted by ubriwtric triggem, an experiment 
which UL to maximix tbe number of 56 pairs that are corn- 
pktely recmutructibk may not be gbk to opcrete at the mui- 
mum lnminaity gnikblcat the SSC (ldl/rm’ree) simply bc 
cause of tbe limitation 081 the nnxzxbu of b6 event8 that can be 
racuded. The Ofaie Computing Group at the Fermikb Tric- 
wing W&shops considered l king rate of a few events 
per second with & megabyte pu event to be a feasible data 
wqukition capability that aperiwnk ahould plrn for at the 
SSC. At l reduced luminaity of lo”/cm’ wc the expected 
inslvtic pp total CIOU wtion of 100 mb will M to 10’ intu- 
actions per second. Out of thii, l few cven(r per second can be 
bgged. The 56 cma wction itself k expected to bes-‘~“D~ 200 
to 400 microbunr, kading to 2 to 4 x lti 56 pairs produced 
per wcond! f3ecwse of the mstrictloru on the data logging 
rate. pahap only ID (at mat, probably 100 WUI~) cm be 
recorded per wcond even if. trigger that VY Purcctly s&c- 
tive for the signal could be cwut~cted. 

Therefore, it k liiely that the operating luminosity for the 
TASTER will be limited by the uturation of the data uquki- 
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Figure 6 - The total cbuged multiplicity (a), and the co- 
spending photon multiplicity (A), a~ predicted by PYTHIA 
into the solid angle of the TASTER detector. 

iion rate with a given trigger rtrakgy. At praent a Iumlnw- 
ity of W/cm’ set - more than enough to satluak tbc 
d&k collection rate even if the rathu viective diiuon trigger 
strakgy discussed in Ref. 15 is wed. Other trigger str~kgies 
may still he unearthed that require the maximum luminaity 
that t pokntiaiiy available at the SSC. but at the prsent the 
b + + + . . . - p+&- + . . . trigger mema to offer tbc hat 
opportunity for triggering md tagging 8 clean *ample of b dc 
cays. If dak acquisition lylknu with more capability can he 
construckd, operation at lumhaitia greater than ld’ m*y 
become possible, but other problema such u radiation damage 
(which t already aeriour at 10s’) may become the ultimak 
limitation. 

Therefore, mince the TASTER may be limikd by data ac- 
quhition and logging upabilities, trigger ntrategia wbii sac- 
rifice b&‘a for purity of the dak sample can be enktined. III 
particular, the authors of Ref. 15 have invatigakd the fewi- 
biiity of a trigger on t6 - p+#-. where the $‘a come from the 
decay of B mesons with a 1.1% inclusive branching fraction. 
The pracncc of a $ at a secondary vertex abo ununbiguomly 
kga the event u having l 6. Their conclusion b that the total 
trigger rak at a luminaity of ld’/em’ ICC Into the adid angle 
for l TASTER-like detector for muon pain due to pion decays. 
pion punch through, directly produced $‘a and (he &II~ ikelf 
i fairly codsknt with the data uquLition and logging rake 
(IO’ - lO’/sec) expeckd ta be mailable for SSC expabnenk. 
Thin dimuon tr&r (ma h&w) will preserve an acceptable 
fraction (- 5%) of the aignbl for 6 4 (I + . . . - r+r- + . . ., 
which is tbe procw of interest. When the ~uirrmmtl thbt 
the muon pair ute from l $ and that the $I come from l 

-duy vakx w lmpasd &lime,. huge r8jestl.m against 
tbbc VA&U laac@am& from cbvm deuJl and from other 
mum pair - b acbkvd, lbcc no wcbulbm 0th tbul 
bottom duya can produce. + at. mcondy verkx. 

Tbs war e5liir bubgmund te 8 B d&a vmpk obtaIned 
by tbii &rhgy i due to rxhineuumd diitly prodllc~ v. 
which appear to be caning from. rconduy wrkx. The .ver- 
age npamtion d the vonduy ruta from the primary vertex 
in the dimanii trumvam to the bum dlratiin la 170 mi- 
cmlu beau dtlw rBktiv* kmg lifetime (- I.2 x 10-I’ mm- 
on&) and the werage p,(- 0.5 CkV/c wordii to PYTHIA) 
d the b quarka. Tbeae dry lligbt paths are long enough that 
tbe mkroverkx detector dkcnued below should have relatively 
little ptobkm la -king B decay reconduy vertices from 
primuy vertiu beuw d tbe upackd good rmoiution for 
nconatructing rerkx paitimu in the truuveme plane. Since 
tbe ratio of $‘n from b + $ to directly produced JI’n has rten 
at fi - 40 TeV (0 2~1, the rejection of directly produced +‘G 
need only be ratber modat. It - completely fusible even 
with the lower raolution d l mivoverta de&to? placed nla- 
tively fu from tbc Inkractioa point (u L tbe use at the SSC, 
beuw of radiation dunage lad the dnik nixe of tbe beam 
lnknection region, - 7 cm) to whleve rejection of directly 
produced $‘I of hetkr than ID-‘. Therefore, the dominant 
background considered thlv far appaul40 be compiekly ncg- 
llgible. 

Other mtrak&ea for tagging B deayr bmlvii nanilep 
tonic deuyr of tbe Ed Awe been dInwed (wxb u the decay 
B4-.D’+f+v+Xd~rusdioRcI.18).Tbac.tr~tcgie.uc 
inkresting u l kg of l B &cay, but the tr’@er rates encoun- 
kred when atkmpting to rpubk the s6 evenk from the back- 
grounda due to pion da*7 (for tbe muons) and photon-hadron 
overlapa (for l leztroru) la high multiplicity SSC lnkrrctions 
are likely to he large. Tbii fact mata it unlikely that semilep 
tonic decays can be effatIvel7 used Y l trigger. The trigger 
rata in quation have 7et to be studied in detail. In addition. 
while the numbers of Bd Irmileptonic dccaye produced in w- 
Icw channeb are large baause of relatively large branching 
ntia, the e&.ck of the nrioru cuk nacauvy to get a clan 
umple of l inglc kptonr and piora (ii the vicinity of l jet) 
Awe not yet been compkkly ulcrtlakd. Finally, the complek 
wmutruction d tbc B badron L mudfeatly impasible in a 
decay mode ln which a nentrino b praent, Y) -y kin& of B 
ph7Gcs are precluded lf llmikptonk moda UI wed. Fnrtber 
rtudy h needed to ucertain the potential of tbii tag in the en- 
vk.xunent of hi multiplkity badron-b&on inkractiool md 
muitipk chum production. 

The compcmenk rhii . ~pactromekr designed to accum”- 
,.k 56 pain and compkkly mcolutmct their decays should 
have YC Indicakd In tbe schematic drawing of (he dekctor 
(Fig. 5). The eletnenk are brieSy diulured below: 

A. Silicon Micratrip Dekctm 

A planar microverkx dekctor &ring the 1. < 0 < W 
solid angle of tbe TASTER k an &olukly antial camp* 
ncnt of. detector con&wkd to rtudy bottom nince an out- 
&ding chuukristic of b hdrmu b their bng lifetime. As 
dincuued &cwa, tbe TASTER mwt be upable ddekcting the 
wcondvy rerticcl produced A7 l ch decays. Thb microwta 
dekctm should be placed LI &me LO the lnterxtion region u 
pauible in order to maxim& the raolution in the tranweme 



position of the mcondvy wrkx rhik #till allowing the dctcc- 
tar k mnivc tbc radiation damage at Id’/em’ Y ltrmina- 
Hy fat 10’ recon& (a canonical one 7ur run). The radiation 
damage crikrii would diikk that we pcaition the microwr- 
kx detakr u far from the inkraction region u paribic. A 
paitioning of 20 cm from the unkr d the inkrutioa ragion. 
while not complekly optimum, Au ban wed for tbc po?pom 
of tbii rtudy. Tbir d&actor & presently thought to be corn- 
pcud of 12 plana of 300 micron silicon ruled ink 25 micron 
atrip in three modula (r. L’, Y. and (I orientationa npuakd 
by 10 cm). The number of piana one can tue ir 2mikd by the 
fact ht. among other things, the silicon repracnk an appr+ 
ciabk fraction of an inkraction length for all of the secondaries 
combined. 

With a microvertUI detector positioned at SO cm from the 
cenkr of the inkraction region, resolutions on the truuvcne 
positions of the wcondary and primary vertex of betkr than 
25 microns should be panibie. As can be wm from Figs. Ta 
and ‘Ib, the distancea which the b hadrona travel before decay- 
ing in the forward aoiid angle for an SSC cxpaimcnt are large 
compared to the estimated a,,, - 25 micron resolution for a 
pianu microverkx detector covering the 1’ < 0 < 20’ solid 
angle of the TASTER. 
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Figure 7 - The distribution of the distances (in cm) of the 
bottom decay vertices relative to the production point for l b 
lifetime of 1.2 x IO-” Becon& (a) in the diition along the 
barn, and (b) in At in the plane perpendicular to the bum 
diition. 

At that dtttance from the inkrution region, radiation dam- 
age ir l ruiow probkm. We have kfl a 2 mm radius hok in 
the cenkr of the silicon detector planes, both to allow the 
unimpeded passwe of the buma (o - 7 microns) and &o to 
minimirc the radiation damage in the central #trip. At !20 an 
diikncc from the cenkr of the inkrution region, thL bole rep- 
remnk .0.5 degree aperture, M we Awe a more than adcquak 
m&h to the lo < 0 < 20’ coverage of the rut of tbc detector. 
Figure II ahow the radiation damage Inkgrskd ever each 25 
micron strip for l 2D cm paitioning of a dekcta with ruch 
a hok in the rilkon planes. We have expressed the radiation 
in krma of dcage per 25 micron Itrip, Gnce rdiation damage 
to a silicon dekctor L apparently rmnifakds’ Y UL &cream 
in electronic n&e until a minimum ionizing signal L burled in 
the noise, rather than any diminishing of the signal kvel it- 
mlf. Therefore, my radiation problem should he proportional 
to the inkgrekd radiation dae on a given &rip. The 100 or 

- -1 0 I 2 11-s 
UDI., 25 MICRON STRIP POSITION km1 

Figure g - Radiation damage expeckd td be suRered in a year 
of operation (lo7 w) at l luminrrity of ld*/cm’ KC in the 
TASTER ailicon dckctor paitioned 20 cm from the cenkr of 
the SSC iakrxtion region. 

so strips h tbc central region of the microvertex detector cx- 
pcrienn drmyc at. kvei betwan ld and 10’ r&is per year 
in tbii crrn6guration. 

Thii kvel may be ucepkblc, although few muduremcnk 
are available. If not, two pasible solutiona UC: move the 
#ilkon dekctor back ftom the inkraction region (thereby dt 
creasing tbc trrnnaw #p&al resolution on lcconduy decay 
vertica and, therefore, the ba.ckground rejection) or, conrider 
cumbmome (but conccinble) mechanical synkxas in which 
the central 1M) strip of each plane can be remokly changed 
evvy few days without breakiig the machine vacuum. 

B. Prehfagnet ‘IhcLi Sylkm 

Thk i l m of rd~tivcly standard PWC’a with wire 
rpu~dl.Sk2?.Thc~npurpoeob~r)ltcmLto 
allow tbc meuurement of fi’m produced in tbc b decays. Since 
nornull the A$ ‘r will decay beyond the tnicroverkx detector. 
wamc additional maawing capability b necesluy upstream of 
the magnet. The meet seriolu difficulty with tbii lylkm ir the 
opcdbn nt biih ratu. 

c. Adyab Mynet 

Tbm b a relatively Cmplc 45 kGm inkgrrl B. df dipole 
magnet for momentum uralysir of cbuged tracks. Without cx- 
knsive Monk Carlo rtimaks, we AnvC judged from previous 
apuimaltJ that mwa rewlutbN for ny#t.?nL¶ of cbuged par- 
tic16 qnik a bit betkr than 50 M&‘/c’ (46cknt to resolve 
purely chyed particle decays of the & from tbcse of the 8,) 
rhonld be paaibk with 8uch a magnet. Tbia maa rmolution 
will be eoruidcrably improved by \uc of tbc trick of Gxing the 
dimuon rrau to 2.09T &V/c’ for that eventa found to he in 
the (b peak. 



D. Pat-Magnet Mi Syskm 

Thii mtmigh~fonvud mymkm conaLk of aa sdequak nom- 
be? of PWC’o (with 2 mm wire springs) to pm*ida p&- 
magnet trajectory Formation on charged tracka hefore and 
ark? the ring illugii counkr. 

E. Ring In&i Caenkov Camkr 

Thtt hiily wgmenkd device b umtial for the ampkk 
nconstmctkn of the 6nd .kta of the ii decays. hi puticu- 
Iu, the ncorvtnrction of B, &ad B4 mao~ will be unbllolu 
unlm good K-w identification can be ubiewd ma l -Id- 
ubble kinematic rmge. Bowever, due to the modaate moma- 
turn of K’I and r’a from both b decaye and from backgnw~b, 
good idmtibcation of K’I can be thieved using a relatively 
dmrt ring imaging Ccrenkov counkr.m Figure Oa and 9b show 
the momcatum spectrum of K’a from b decay and that from 
evenk making up the tot* t*aa section. rapectively. We note 
that K’s are a0 munexus in evenk composing the tokl cm* 
Kction (< no >n S.l per went into the solid angle of tbe 
TASTER), that they will provide no Bpecial lipnature for a b 
tripger. Therefore, there im no premium on the last extraction 
01 information from the Ckrenkov detector. Rdermce 56 dii 
cusses a particulu model 01 thb device which b witable for 
the TASTER. The problem of developing algorithma (0 wrt 
out the rinp in much high multiplicity evenk hu been studied 
in Ref. 26 with relatively positive results. 

I IO0 m 
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Figure 9 - Momentum ~pzctrum 01 K’n into the TASTER mlid 
mgk from (a) B.f - $X*, and from (h) total uou rccticm 
Walk. 

F. Trruuition Radiation Detector 

Thh device b included for additional electron identification 
beyond that poaible in the calorimeter. Thii b puticnluly 
useful for identihcation of the decay produck from wmielec- 
tronie decaya of B’L It b mticipakd that an additional mp 
pression of pion contamination in the electron signal by a factor 
0110 to g0 up be achieved in the momentum range appropri- 
l k for wmielectronic decays of B’a into the TASTER lolid 
angle (we Fii. 10a) wing TRD kchniqua already developed 
at the pmalt time. 

G. Ektramgnctic and Hadronic Calorimetry 

The prinury M 01 thin c&lorimctry in electron-pion mpa- 
ration by nn E (from calorimekr)/p (from magnetic analynb) 
calculation and formation of additional triggm daigned to in- 
sure high momentum electrons in the tripger sample. The prc 
liminuy atimak la that l 24 radiation kngth elrtromynctic 
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Figure 10 - The momentum mpatra within the TASTER solid 
angle of (a) &ctrom from the vmileptonic decays B: - 
bc*v. and of (b) muona from the decay B - $K - p+#-X 

dekctor and l kakl of 9 lnkractim kngtha for the hadronic 
dekctor will be adcquak for the needs 01 the TASTER. No 
rpecial kchniqua will be necessary for the hadronic detector 
&cc neither hermeticity (obviouly) nor extraordinary energy 
raolution L bellg conkmplakd lox the TASTER npatrome 
kr et thii time. While not -tid for the procac.cs diicusmd 
below, the hadronic cllorimekr could well be imporknt for 
other phyalu involving, e.g. . jet trigger. It h mat liiely 
that uranium plsk (lo? deruity)-gu calorimetry will suffice. 
The ekckonugnetlc put of thla calorimekr m.y require good 
energy ltrd pa&ion raolufm for photons. since complete rt+ 
ccmtnrctkn of Bdecaya b belug prop-d, but thhir iuue haa 
sot be” deqlmkly invwlgbkd at this time. 

The mwn detector aerwa both to identify UIUOIU md to 
provide the infonmticm for the Bnt kvel muon trigger. The 
dekctar b compmed of plana of trigger counkn buried in 
mkel. Both 12 md 20 &V/c thi&nea of steel have been 
coruidered for thii trigger dti in Ref. IS. A configuration of 
trigger counkn that t hiihly aegmenkd and which hu ocknt 
symmetry hu been lnratig~kd by thae authhon. The trigger 
ratm for hih mua dlmuan paIn (M > 2.6 GeV/e’) due to 
plon decays, punch through, diitly produced $“I decaying 
lnkmrronp~,~dthc~&~(b~(b+...-r+~-+...) 
ikell hwe bm found” to be in the ruqc 10 to 100 per WC- 
wd for the 12 t&V/c thick detector. Thii triuu nk is clone 
to that which might be burabk for l data uquisition and 
kg&g synkm at the SSC. About 6% of the tokl inclusive 
b-$+...-&i+... rak over the entire 4r solid an- 
gle both 6ca into the TASTER aolid angle +nd runives tbii 
diiuon triuer for 6 12 C&/e thick muon dckctor. About 
2.6% rwlva a 20 GeV/c thiik muon detector. The illatively 
low mmnmtum of the ekctrwn from the rcmileptonic deuF 
of B maoru and the mtlmu from the + decay w shown in 
Fib. 10a and lob. respectively. For comparison, the momen- 
tum of the muona from pion deuya dric co total MI section 
wenk (< oy~ >- 2g In the TASTER slid angle) b *how in 
Fig. 4a of Ref. 16. It b obviotv from tbae dktributioru that 
the elation 01 a minimum momen km cutoff for either a mingle 
kpton 01 dilepton triggu b n delicak proposition. In order k 
p-e the algnal. even at J; = 40 TeV. it b euential that 
the cutoff not be too high; it obviwly can not be too low wad 
#till achieve a Snik trigger rak. 
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The rubus bkrlwenu with the &tar by the 
TASTER, u rcpreaented by thae l iSht c~~~ponmtl, have bm 
&vrtigated to mms uknt. In ~e”eral, thm devii, rhkh ca” 
l pptoxinmkly dt into one d the short (i‘ 20 metas), high 
lumin~ity (up to lDu/cm UC) region9 plmn@d for the SSC. 
appeara to have relatively am&II impact upon the machine db 
lien. Since it will not require the muimum h&amity and 
i relatively modmt in misc. it b UI attractive eandidak for 
urly oper&tion. The Thea - of inkrferenc~ rhkh LWC 
been considered in diivvioru with the Central Daign Group 
01 the SSC thou lu have been: 1) the quatim dcompauation 
for the relatively weak dipok deld of the analpit magnet, 2) 
the encroachmat 01 the muon shield a~ the bw bek quad8 at 

the 20 meter p&t, a”d S) the diSiculty 01 d-i&u. beam 
region vaael large enough to conkin the microvertex dekctor 
described above in item A while still mtikking the machine 
vacuum in spite 01 the mrstive “umber 01 cable leedthtougha 
that would be required. Thea do not appear to be rpccitily 
urious problems. 

We consider l measurement 01 CP violation in the B meson 
ryskm u a hiih sensitivity benchmark 01 the effectivena 01 
. spectrometer lie the TASTER operated at the SSC. While 
this L the meet difficult of the go& 01 such l dekckr, 6 
demorutration 01 itl capability for performing much a meuurc- 
ment would be a ray si6”i6cuat argument for ita construction. 
Ram B decays need a aepante, exknsivc rnalysi~, although it 
appear that a decay like B+ - X+ JI+~- may be rasceptiblc 
to l t&u mtrarcgr knilu to that for mururing CP violation. 

There are many general bsua concembu vucha 01 thii 
type for CP viokting asymmetries. A” experbnmt bwd on 
the tri6ger 6 + L+f- (or for that matter any other char=- 
terktic of B decaya that aavcl to uparate a B dg~d from 
the total aroma section) GUI be conducted i” oae of two vayn. 
Either the trigger/kg B daay may be an&l@ 01 the no”- 
trigger B (which L decaying in l complekly ontpecl6cd way) 
may be Icuchcd for dkr the b6 identity of the event hu ban 
atabliihed. lo tither CYC, CP vi&tin6 qvmmetrka may SF- 
pear Y difkrenca in relative dray rake for CP cenjugrte 
decry8 of B and B rne~~ into v&our 6”nll statu or, more 
wnsitively, in differences 01 the decay time diitributiolu oi the 
B and B decays. The B and B decsy moda which UC b&g 
compared can rsult in a 6nal skk which may or may not be 
. CP dgenmkk. CP violeting uymmetrim m.y be found In 
either type 01 decay. but the experimat moat be conducted 
differently depending upon which type of 6nal 9-k b prcw 
duced. II a CP cigenskk rault~ from the decsy (as k the 
cw in many 01 the interating modes involving l +), the” the 
putick or antiparticle nature of the parent B must be atah 
liihed by vuchiig for and identifying the decay of the other 
auociekd B in the event. Thii technique k compliuted il the 
other B b a @ which hu mixed into a 80 (for thii ruam, il 
the other B k charged, thm b lea ambiiity in the dckrmi- 
nrtbn of the parentage of the inkrating day 6nal ok) or 
if thm k multiple BB production in the 40 TeV went. 0” 
the &ha hand, if the CP viokting cBect ue to be found by 
compu-bon 01 CP conjugate decaya such u Bf -. X+r- .er- 
sw &’ .+ X-r+, the compukm can ba conducted without 
relancc to the other B decay. 

I” both cues. -ha for CP uymmetika we complicated 
by petentkl differences in the nktive initkl popuktioru of B 
ud B mcwna. Such differenca can uke from preferential 

kdrootutb.btobuyaudbquu~nkuwlo~quut 
(due to the prauttuhly diitly luger pmbahility of dnding 
km Kght qnuka b the 5d ask d l 40 Tev pp btmvtb” 
datinto the probabilityd6ndiig twolight uhiquuks). Thii 
pderentkl hadroniutiin into baryam cm lead to a depletion 
of b quarka wailable for B maon formation arid, therefore. 
(0 uymmetri~ In the initial popuktioa, d the umpla of B 
a”d B - duying iat” 6nal at&m d inter&. An Q- 
pcrimenW deter&nation d thL uymwtry (whkh could lake 
l CP rkkting asymmetry il not t&e” into -nt) mut be 
n”dert&n. Thii asymmetry ln initial popul&m ol B and B 
maona can be dekrt&ed by the mumnwntda6”d~kk 
l whuB -+X-r+ mad iu cbyeoollj~te rbih bnot 
rnppcad to uhlblt (accc.r&# lo the l tandud model) any CP 
riokting asymmetries. Thi meuuremmt will allm the dr 
knnbmtbn of uymmetria due (0 expaimcntrl nynkmatics 
as well u vymwtrk due to diSere”t i”itkl B and B meson 
populations. 

Such a technique, however, hu l pitfall. The moda which 
are expected to show the amalkst CP vioktin6 eflecta aa pr* 
dickd by the akndud model may in 14 be the moda which 
UC the mat witive to new physics. The exktence 01 other 
objects (fourth generation quarks, new Eii baons. horiwnrl 
gauge banons, ek) will enlarge the X - M matrix or allow for 
other typea 01 CP viol&“” which may either add to car #ub 
tract from the e6eat~ which are predicted by co”sideri”g only 
the current playm in the standard model. It may well be that 
the mat aauitive place to look for “ew physics k in B de 
cays where CP vbktion k expected t” be aall. The moral 01 
experimentation id thii wea d phyaiu may well be to ‘bok 
where nothing b ape&d to be found’ ia order to have the 
m&z&mm unritlvity and kver arm for detecting new e&h. 

All of the &ovc considerationa must be taken into account 
in w&at’- the capabilities 01 the TASTER for dekcting CP 
violating effecta. An invsti&ion d the witivity for doing 
CP war&es hu heen carried out in Rd. 16 lvin~ the tirakgy 
01 triggsiag aad kgging on the b - (a + . . . - p+r- + . . . 
decay.. The authora of thii p.per Bnd. wing Monk Carlo 
c&ulations of the TASTER acceptance and rtimata of vu- 
ioru experimental dickncia, that 29CtG Bd OI BI + $6 --, 
p+#- K+X- decaya (with the oppwik ride B. idmti%ed na 
to ik chuge) can be rccu”PI&d in. 0°C ,ear run (10’ yc- 
ends) at l htminaity of lC”/cm’ #ec if the branching ratio8 
given in Ref. 21 we correct, and U~etrategks can be developed 
whereby Y much Y 6% of the oppanik eide B: an be deter- 
mined k be a B or 8. A 2% difference due to CP violation is 
ape&d” between the putkl n(a for B a”d for i? decaying 
ink thb 6d Ikk (&out. one I@ma d?d). 

The same sort of evaluation, but nurchiig ior CP violating 
uymmtria in the deya B, or 8, -) $Xs ykldr . umpk 
of 2600 eventa (with an oppcaitc Gde B. ideati6ed u (0 ica 
charge) ritbii which to dekct an rtimakd 0% asymmetry 
(&cd .2 sigma elkt). The compuko” cd these two BUD- 
pla -II ta p&t out the sdvmt+s which larger asyrom* 
trim produce. Since ibe l tathticrl mror dareua u 1IvR 
the amalkr uymmetria m more difficult to nee eve” U tbm 
h . luger dak rampk waikbk for the search. These soM 
of stud& u done thw far, have only mu&ly atimati rome 
of the facton necaruy for datemMnS the rke 01 the 6nal 
dab sampk that an be wumukted i” . few modes. Many 
other moda, where the uymmctria and bran&ii rata may 



be luger or wndkr need 40 be InrrtiSated. Ru(bcrmme. if 
strategia for more dfatiw t&n; (rpumad to be 6% of the 
B.‘s in these &n&a) of the puticle or antiputick nature 
of the draying maon an be developed. Y thmuSh amikp 
tonic decays. then the Iatktical &tificu~e d the mumam- 
ments under dkcuoion can be greatly bnpm*cd. In addition. 
searches fol differencea in the time dktrihutioo, betran cer- 
tain B and B moda (like B. 4 D-K+ vemw 8, + D+X-) 
may be a much more vruitive way of vuthiiS for CP uym- 
metria. Finally, the wmming of ruicw exchuive moda may 
be attempted ta increue mtatktiu. As thinp now hnd. much 
remabu to be done. but the development of. tr&r &ateey 
in quite encour&ng. While difficult, detection of CP viol&on 
in the B oy&.m seems at kut within the realm of feasibility 
at the SSC with a tailored device such u the TASTER. 
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